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Description 

[0001] This invention relates to aircraft noise reduc- 
tion apparatus, in particular to apparatus to reduce noise 
emanating from landing gear of the aircraft when de- 
ployed on approach to landing. 
[0002] The invention has particular application to 
commercial aircraft when landing at airports in or near 
to built up areas where aircraft approach noise is an in- 
creasing nuisance with increasing frequency of use of 
airports and ever larger aircraft. Noise emanating from 
commercial aircraft, whether cargo aircraft and/or pas- 
senger carrying aircraft, is now an important environ- 
mental issue. The increasing frequency of use of air- 
ports has led to aircraft of increasing size being used. 
This in turn has led to greater noise being generated by 
each aircraft in its approaches to the airport. Modem 
high bypass ratio turbofan engines are now extremely 
quiet on approach to landing and dominant noise on 
some aircraft types, perceived at ground level, is starting 
to become the noise generated by landing gear and by 
high lift devices on the wings. 
[0003] This invention addresses the problem of air- 
craft noise, as perceived at ground level, generated by 
landing gear. Although noise is likely to be induced by 
any element which creates turbulence in the airflow past 
the landing gear, those elements which have been found 
particularly likely to create high noise levels are as fol- 
lows:- elements which act as Helmholz resonators such 
as hollow axles, apertures, fastener fittings, spindles, 
etc; also elements likely to create small vortices such as 
small protuberances, sharp edges; dresssings such as 
small pipes, tubes, cables, and coil springs, etc. All such 
features are to be found aplenty on modem landing gear 
and tend to be more prevalent in the region of steering 
gear and wheel axles. 

[0004] Document EP 0 846 540 A discloses the use 
of a landing gear fairing/debris protector fitted closely to 
a landing gear leg. 

[0005] Also, although wind tunnel tests have been 
carried out on landing gear fully enclosed by fairings to 
determine noise levels in the far field, such full enclosure 
fairings are normally completely impractical for every- 
day use on an aircraft. This is because articulation of 
the landing gear during deployment and retraction 
movement is prevented by the fairings and because 
very limited stowage space in the landing gear bay in 
most aircraft will not accommodate full enclosures ow- 
ing to the space which they take up. Additionally, full en- 
closure fairings render daily visual inspection regimes 
and maintenance of the landing gear almost impossible. 
Firstly, this is because visible inspection through such 
fairings is generally impossible and secondly because 
regular removal of such fairings for inspection or main- 
tenance is far too time consuming and difficult. To date 
therefore no practical solution to the problem of landing 
gear induced airframe noise has been found. 
[0006] According to a first aspect of the invention 
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there is provided aircraft noise reduction apparatus in- 
cluding at least one noise-reducing attachment for land- 
ing gear of the aircraft characterised by being shaped 
for positioning on the landing gear to deflect air away 

5 from noise inducing components of the landing gear and 
to permit deflection, articulation movement and stowage 
of the landing gear with the attachment installed and 
wherein the attachment does not form part of the aero- 
dynamic profile of the aircraft and is housed, when the 

10 landing gear is retracted, entirely within a landing gear 
bay of the aircraft. 

[0007] The attachments may comprise deflector 
screens adapted not to completely surround noise in- 
ducing components on the landing gear. The said lack 
15 of a complete surrounding being for the purposes of al- 
lowing the said access and foldability of the landing 
gear. 

[0008] Induced noise is proportional to the sixth power 
of the relative velocity of the airflow and component 
20 around which the air flows, and attachments of the in- 
vention are positionable to deflect incident air away from 
noise inducing components, preferably into the free 
stream. 

[0009] The attachments must withstand all aerody- 

25 namic loads and foreign object damage, and it will be 
appreciated that the use of attachments according to the 
invention may increase landing gear drag. 
[0010] Preferably a said attachment is shaped such 
that when positioned on the landing gear, airflow over 

30 the attachment during flight leaves the attachment sub- 
stantially in the free stream direction. 
[0011] Preferably a said attachment is shaped to 
avoid or minimise an air stagnation region forming in 
front thereof when positioned on the landing gear and 

35 in use. Such stagnation regions tend to increase both 
drag and noise emanating downstream of the stagna- 
tion region. The term "in front of as used herein refers 
to a position upstream in the airflow, during flight. 
[0012] In regions of the landing gear where incident 

40 air is accelerated between components of the landing 
gear, such as struts, stays and actuators, at least one 
said attachment is preferably positioned to deflect inci- 
dent air away from the said air-accelerating region. In 
this way any noise-inducing components of the landing 

45 gear positioned in the said air-accelerating region will 
not be subject to the passage of such accelerated high 
speed air past them. 

[001 3] The apparatus may include an axle attachment 
positionable in front of an axle for nose gear of the air- 
so craft to deflect air away from noise inducing components 
such as landing gear dressings in the region of the axle. 
[0014] The axle attachment may be shaped to shield 
items such as a towbar fitting on the nose gear and the 
said shaped portion is desirably separately removable 
55 or pivotable out of the way in order to provide access to 
such a towbar fitting without disturbing the remainder of 
the axle attachment. Cam fasteners or other quick re- 
lease fittings are suitable for fastening the shaped por- 
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tion. 

[0015] The axle attachment may extend laterally into 
close proximity with the wheels and may include gener- 
ally cylindrical wheel extensions extending between a 
central portion thereof and each wheel whereby to de- 
flect air away from noise inducing components on the 
axle and at the same time to deflect air away from a cav- 
ity formed within each wheel. 
[0016] The wheel extensions preferably extend into 
close proximity with a rim of each wheel. Alternatively 
the wheels may be fitted with inner hub caps or wheel 
fillers. Such fillers may be of say foam material formed 
in two opposing sections with wedge-shaped elements 
driven into position therebetween. The foam or like ma- 
terial is preferably covered on the outside with a weath- 
erproof material. 

[0017] The axle attachment may include upper exten- 
sion portions for positioning on either side of a main leg 
of the nose gear to deflect air away from torque link at- 
tachments usually sited on the axle. 
[001 8] The apparatus may include a said attachment 
positionable in front of a steering mechanism for the 
landing gear. Such a steering mechanism has been 
found to be prone to noise inducement including, as it 
usually does, many sharp edges, apertures and sundry 
pipe and cable work. 

[0019] Similarly, the axle attachment deflects air away 
from another region of the landing gear particularly 
prone to noise inducement, i.e. the joint between the 
main leg and the axle, again liable to include sundry 
sharp edged fittings and pipe and cable work. 
[0020] For circular landing gear components such as 
main legs or actuators positioned immediately in front 
of noise inducing components, transition strips of tape 
may be attached to the circular component on either 
side thereof to encourage clean detachment of airflow 
therefrom and to encourage airflow away from a region 
immediately behind the circular component. 
[0021] Where articulation and stowage permits it, 
components such as circular legs or actuators may be 
fitted with trailing extensions from either side thereof. 
Such extensions, in combination with the component, 
may then act as an attachment according to the inven- 
tion to deflect air away from noise inducing components 
behind the said component with trailing extensions. 
[0022] The said apparatus may include at least one 
said attachment positionable in front of an apertured 
landing gear strut or stay to deflect air away from edges 
of the aperture. 

[0023] For a said strut or stay having surfaces extend- 
ing approximately streamwise in the airflow a said at- 
tachment may be shaped to blend in airflow leaving the 
attachment with airflow passing over the said stream- 
wise extending surfaces. Alternatively, where further 
noise inducing elements are positioned on the landing 
gear to the rear of the said attachment, the attachment 
may be flared or otherwise shaped also to deflect air 
away from the said rearward noise inducing elements. 



in this regard it has been determined that for an attach- 
ment to accelerate incident air is not unacceptable so 
long as the accelerated air does not pass over noise- 
inducing components. 

5 [0024] A said attachment whilst being shaped to avoid 
any regions of air stagnation where possible may also 
be shaped or flattened as appropriate to avoid other el- 
ements of the landing gear or further attachments, dur- 
ing movement such as articulation and/or stowage of the 

10 landing gear. 

[0025] Where the landing gear includes a wheeled bo- 
gie having a bogie beam the apparatus may include an 
attachment in the form of an undertray extending in front 
of and underneath the bogie beam to deflect air away 

15 from noise inducing elements in the region of the bogie 
beam, for example brake rods, bearings and their 
mountings, other fittings and sundry pipe and cable 
work. 

[0026] An advantage of the undertray not extending 
20 above and behind the bogie beam is that inspection and 
maintenance access and air cooling are not thereby pre- 
vented by the attachment 

[0027] Where the bogie beam is tilted upwardly at the 
front, during approach, the area of the bogie beam left 
25 exposed is downstream of the undertray and thus the 
passage of high speed air past noise inducing compo- 
nents associated with the bogie beam is prevented by 
the undertray attachment. 

[0028] Preferably the undertray includes at least one 

30 door therein to provide access to concealed items such 
as jacking points for the bogie. 
[0029] The undertray may have a single curvature 
aerodynamic surface and may be of a width to permit 
air to pass between the undertray and wheels on the 

35 bogie to cool brakes. Preferably the undertray includes 
a forward upwardly extending aerodynamic surface 
blended smoothly into an under surface extending un- 
derneath and along the bogie beam, desirably with a fur- 
ther surface extending longitudinally of the bogie beam 

40 on either side of the undertray depending from lateral 
edges of the undertray, preferably orthogonal to the said 
aerodynamic surface. In this way air spilling over each 
lateral edge of the undertray in the region of wheel 
brakes will be able freely to flow past the brakes but will 

45 not be accelerated past the brakes by any funnelling ef- 
fect of the surface contours of the undertray. 
[0030] Where the bogie includes a pair of forward ar- 
ticulation links a said attachment may comprise a pair 
of articulating fairings, one mounted to each articulation 

50 link with an aerodynamically contoured interface being 
defined between the fairings. Preferably the said inter- 
face comprises a generally spherical element on one 
fairing co-operating with generally circular section tub- 
ing of the other. The spherical element desirably has its 

55 centre coincident with a pivot axis between the articu- 
lating links. 

[0031] Where the landing gear includes a door at- 
tached thereto extending in a generally streamwise di- 
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rection to one side of a main leg of the landing gear a 
said attachment may comprise a deflector fairing ex- 
tending from the door in front of at least the main leg of 
the landing gear. Preferably the fairing is positionable in 
sealing engagement with the door and may additionally 5 
extend in front of any further struts, stays and/or actua- 
tors for the landing gear located in the vicinity of the main 
leg thereby to deflect air away from all said landing gear 
components. For a main landing gear having a drag stay 
extending upwardly in the vicinity of the main leg and a 10 
retraction actuator similarly extending upwardly in the 
vicinity of the main leg, the said fairing not only achieves 
deflection of the air away from any noise inducing fittings 
on the main leg, but also deflects air away from passag- 
es formed between any combination of the main leg, the *s 
actuator, the drag stay and the main leg door where air 
would otherwise be accelerated therethrough usually 
past sundry noise inducing fittings. 
[0032] For a large aircraft the undertray may be in ex- 
cess of 2 metres in length and is desirably constructed 20 
to possess adequate longitudinal and torsional stiffness 
to enable handling when off the aircraft. 
[0033] The front portion of the undertray desirably has 
extension portions to extend around the lower articula- 
tion link fairing and thus provide a smooth airflow in this 25 
area, upon approach to landing. Generally a main land- 
ing gear with a bogie will approach landing with the rear 
wheels deflected downwardly and the front wheels de- 
flected upwardly. The undertray and lower articulation 
link fairing thus desirably lie closely adjacent one anoth- 30 
er when the bogie is in approach configuration. 
[0034] The undertray may be attachable to axles on 
the bogie, and/or to the bogie beam itself by means of 
band-type clamps adapted to pass around the axle/bo- 
gie beam and through at least one part-annular chamber 35 
formed in an extension piece fixed to the undertray. 
[0035] In general, all attachments will be as easily re- 
movable as possible, employing either existing screw- 
type fasteners on the gear and/or clamps around items 
of the gear such as struts, stays and axles. Some at- 40 
tachments will inevitably need to be removed for main- 
tenance, at some stage, and here ease of removal and 
re-fitting is essential. All attachments are also preferably 
retro-fittable to existing designs of landing gear. 
[0036] According to a second aspect of the invention 45 
there is provided aircraft landing gear including appara- 
tus according to the first aspect of the invention. 
[0037] According to a third aspect of the invention 
there is provided an aircraft incorporating landing gear 
fitted with noise-reduction apparatus according to the so 
first aspect of the invention. 

[0038] The invention will now be described by way of 
example with reference to the accompanying drawings 
of which:- 

55 

Figure 1 is an orthogonal view of nose landing gear 
fitted with apparatus according to the invention, 



Figure 2 is an orthogonal cut away view of main 
landing gear when fitted with apparatus according 
to the invention, 

Figure 3 is an orthogonal view of part of a nose land- 
ing gear fitted with an attachment according to the 
invention, 

Figure 4 is a top plan view of a torque link with fairing 
attachment, 

Figure 5 is a section along the line V - V of Figure 4, 

Figure 6 is a section through a nose landing gear 
lower drag stay with fairing attachment, 

Figure 7 is a side view of a landing gear articulation 
link with fairing, 

Figure 8 is a side detail view of a front end of an 
undertray attachment according to the invention, 

Figure 9 is a section taken along the line IX - IX of 
Figure 8, and 

Figure 10 is an orthogonal view of an aircraft main 
landing gear with wheels removed to show landing 
gear dressings. 

[0039] Referring to Figures 1 and 3, an aircraft nose 
landing gear is shown having wheels 1 , 2, an axle 3 (see 
Figure 3), a main telescopic leg 4, and steering mecha- 
nism shown generally at 5, an upper drag stay 6 pivotally 
connected to a lower drag stay 7 at pivot 8 and to the 
leg 4 at pivot 9, pintle bearings 10, 11, a drag stay re- 
lease mechanism 12 and torque links 13, 14. The nose 
gear is fitted with various noise-reducing attachments 
as follows. All have been designed to provide the most 
streamlined shape commensurate with maximum total 
noise reduction and providing room for articulation of the 
landing gear during use, during retraction/deployment 
and during stowage. Drag may actually be increased 
owing to the fitting of the attachments. Shown in Figures 
1 and 3 is an axle fairing attachment 15; a lower torque 
link attachment 16 (shown in Figure 1 only); a steering 
mechanism attachment 17; steering actuator covers 
18,19; a lower drag stay attachment 20 and main fitting 
attachments 21, 22. 

[0040] Referring to Figure 3, the axle fairing attach- 
ment 15 is clamped around the leg 4 by a clamp (not 
shown). A lower hinged portion 23 covers a towbar fitting 
24 and may be hinged about the axis 25 for access to 
the towbar fitting. An upper portion 26 of the axle attach- 
ment 1 5 has extension portions 27, 28 positioned to de- 
flect incident air away from lower pivots 29 of the lower 
articulation link 14. Cylindrical extensions 30, 31 extend 
between a central portion 32 of the attachment and 
wheels 33. The cylindrical extensions 30, 31 extend in 
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close proximity with rims 117 of the wheels to prevent 
noise being generated by the passage of incident air 
across Helmholz resonators formed by the wheels. 
[0041] External wheel cover attachments 34 extend 
into close proximity with rims 35 of each wheel whilst 
not overlapping the tyre 36, so that inspection of the 
tyres is not interfered with. Such wheel covers may be 
annular in shape to fit around central forced-air-cooling 
ducts for the wheels and may be mounted thereon. 
[0042] In Figure 1 the lower torque link attachment 1 6 
is generally domed but with a scallop to provide clear- 
ance when the links 13 and 14 move together during 
compression of the main leg 4. Referring to Figures 4 
and 5 such an attachment as that shown at 16 is shown 
bolted into position using bolts 37, 38 passing through 
the attachment 16 for fastening behind a backing plate 
39 placed behind an aperture 40 in the torque link 14. 
Edges 41 , 42 defining the aperture 40 are therefore cov- 
ered by the attachment 16, just as are edges 43, 44. It 
will be noted that streamwise extending surfaces 45, 46 
are blended in with the attachment 1 6 such that air leav- 
ing the attachment at positions 43, 44 blends with free 
stream air passing over surfaces 45, 46. 
[0043] The steering mechanism attachment 17 is a 
generally domed shape formed to minimise any stagna- 
tion areas centrally thereof. Edge region 47 is shaped 
and positioned to merge air leaving the attachment with 
free stream air, tangential thereto. The region of the 
landing gear behind the attachment 17 is prone to noise 
generation and this attachment is effective for reducing 
noise emanating from the landing gear. 
[0044] Steering actuator covers 18, 19 have domed 
ends 48, 49 and smoothly curving portions 50, 51 cov- 
ering actuator tubes (not shown) and sundry pipework 
(not shown). 

[0045] Referring to Figures 1 and 6, the lower drag 
stay 7 has a fairing attachment 20 positioned in front 
thereof. The attachment 20 is not designed to fit closely 
with the drag stay 7 but is made deliberately wider to 
deflect air not only past edges 52, 53 but also away from 
coil springs 54, 55 of the drag stay release mechanism 
12. It will be noted that edge regions 56, 57 of the at- 
tachment 20 are shaped to blend in air leaving the at- 
tachment with free stream air. The coil springs 54, 55 
may be fitted with socks, preferably transparent for in- 
spection purposes, to reduce induced noise. 
[0046] Lastly, main fitting attachments 21, 22 cover 
apertures defined between the main leg 4, diagonal 
bracing member 58 and a pintle member 59. The main 
fitting attachments are relatively planar on their front sur- 
face to allow space for articulation of the nose gear dur- 
ing retraction and stowage. 

[0047] It will be seen that the fitting of relatively brief 
fairing attachments to the nose gear has had the effect 
of covering many quite troublesome areas of noise gen- 
eration but that these attachments may be easily re- 
moved for access and are in all cases designed to allow 
for compression of the main leg and articulating move- 



ment of the nose gear and stowage thereof in its stow- 
age bay (not shown). It will be noted that in all cases the 
attachments are designed to be retro-fittable to an ex- 
isting landing gear, clamping having been used through- 
5 out as a method of attachment. Additionally, the relative- 
ly small size of the attachments has kept additional 
weight to a minimum. 

[0048] The skilled reader will note that the upper drag 
stay 6 has no fairing attachment thereon. This part of 
10 the drag stay is largely contained within the fuselage of 
the aircraft. 

[0049] Upper torque link 1 3 has not been fitted with a 
fairing attachment as it lies at least partly behind the 
steering mechanism attachment 17. Clearly an attach- 
es ment could be fitted to this part of the linkage if the par- 
ticular landing gear design would substantially benefit 
from it. 

[0050] Referring to Figure 1 0, an aircraft main landing 
gear is shown minus wheels but with its dressings 60, 

20 61, 62, 63 shown. The landing gear comprises a main 
telescopic leg 64, a retraction actuator 65, a drag stay 
66, upper and lower articulation links 67, 68, upper and 
lower torque links 69, 70, a bogie beam 71 , axles 72, 73 
and brake rods 74, 75. 

25 [0051] Dressings 62 are largely out of the airflow and 
do not significantly affect noise levels from the landing 
gear. Dressings 60, 61 , 63 are in the airflow when the 
landing gear is deployed on approach and are sources 
of noise from the landing gear, especially when com- 

30 bined with other components. It is believed that vortices 
shed from dressings impact on to other components 
then to generate noise. 

[0052] Referring now to Figures 2, 7, 8 and 9, a main 
landing gear similar to the one shown in Figure 10 is 

35 shown with various noise-reducing fairing attachments 
fitted, together with details of certain attachments. Re- 
ferring to Figure 2, parts common to Figure 10 have 
been shown with identical reference numerals. An un- 
derlay attachment 76 is shown clamped to the bogie 

40 beam 71 by clamps 77, 78 and also by clamps 79, 80 
(see Figures 8, 9) to the axles 72, 73. The undertray 76 
has a single curvature aerodynamic surface 81 extend- 
ing over a forward upwardly extending portion 82 and a 
lower portion 83 extending under the bogie beam. A rear 

45 curved portion 84 keeps incident air away from the rear 
axle 73 and its dressings 61 (see Figure 10). The un- 
dertray has a pair of openable access doors 85, 86 for 
access to jacking points (not shown). Depending from 
lateral edges 87, 88 of the undertray are a pair of later- 

50 ally facing surfaces 89, 90 extending longitudinally of 
the bogie beam on either side of the undertray. The for- 
wardly upwardly extending portion 82 has extensions 
91 , 92 wrapping around a lower articulation link fairing 
attachment 93 which works in conjunction with an upper 

55 articulation link fairing attachment 94. With the landing 
gear in the approach position as shown in Figure 2 it can 
be seen that the forward portion 82 of the undertray 
wraps neatly around the lower articulation link fairing at- 
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tachment 93 to provide a smooth aerodynamic contour 
of low noise configuration. It will be appreciated that the 
forward portion 82 of the undertray effectively deflects 
incident air away from the dressings 60. 
[0053] The undertray is of a width to permit air to pass 
between wheels 95, 96 and the undertray for brake cool- 
ing. The form of the edges 87, 88 and longitudinally ex- 
tending surfaces 89, 90 permits air to pass over brake 
callipers (not shown) between the undertray and the 
wheels but does not funnel air through these regions at 
increased speed and therefore create unnecessary 
noise. The shape of the undertray is generally adapted 
to deflect air away from noise inducing components on 
the bogie beam and landing gear generally whilst afford- 
ing maximum access to the upper and side parts of the 
bogie beam for inspection and maintenance purposes. 
Weight saving is also achieved by this configuration, rel- 
ative to a full enclosure. 

[0054] The clamps 79, 80 for clamping the undertray 
to the axles 72, 73 comprise bands 97, 98 passing 
through part annular elements 99, 100 attached to the 
undertray (see Figures 8 and 9). This method of fitting 
is extremely rigid, robust and of relatively light weight. 
[0055] The articulation link fairing 93, 94 is shown in 
Figure 2 and also in more detail in Figure 7. It will be 
appreciated that the articulation links 67, 68 (see Figure 
10) work in conjunction with telescopic compression of 
the main leg 64. For this reason the fairing attachments 
93, 94 must be able to pivot with respect to each other. 
Each is separately clamped to its articulation link by 
clamps 101, 102, 103, 104 (see Figure 7) but the two 
interact with each other in region 105 about the pivot 
centre. It will be seen that upper attachment 94 has a 
part spherical portion 1 06 adapted to pass inside a co- 
operating part cylindrical portion 107 of the lower attach- 
ment 93 during pivoting movement of the articulation 
links. The centre of portions 1 06 and 1 07 coincides with 
the pivot centre of the articulation links. A clearance of 
2mm is preferred between portions 106, 107. Edge re- 
gions 1 08, 1 09 of the attachment are designed to deflect 
air leaving the attachments 93, 94 away from noise-in- 
ducing elements on the main leg 64. 
[0056] Referring to Figure 2, forward drag stay 110, 
retraction actuator 65 and main leg 64 are all shielded 
from the airstream by a door deflector attachment 111 
attached in sealing engagement to a wing skin door 112 
attached to the main leg 64. Owing to the way the land- 
ing gear is stowed in the bay, space is extremely tight 
in this area and the deflector attachment 111 achieves 
the object of deflecting air away from the main leg, the 
actuator and the forward drag stay without interfering 
with the stowage of the gear. Air which would otherwise 
have been accelerated between any combination of the 
leg, the retraction actuator, the forward drag stay and 
the door is therefore deflected away from such potential 
noise-inducing "channels" and around the main leg 64 
into the free stream. The attachment 111 is clamped by 
through bolts to the forward drag stay 110 and compris- 



es a first portion 113 having a generally concave aero- 
dynamic surface 114 and a second portion 115 having 
a generally convex aerodynamic surface 116. 
[0057] Once again it will be seen that with relatively 

5 minimal use of retro-fittable and easily removable at- 
tachments according to the invention that all major 
noise-inducing areas of the landing gear have been pro- 
tected from the airflow. At the same time articulation and 
stowage of the landing gear has not been hindered and 

10 additional weight has been kept to a minimum. 



Claims 

15 1 . Aircraft noise reduction apparatus including at least 
one noise-reducing attachment (15,17,76,93,94, 
111) for landing gear of the aircraft characterised 
by being shaped for positioning on the landing gear 
to deflect air away from noise inducing components 

20 of the landing gear and to permit deflection, articu- 
lation movement and stowage of the landing gear 
with the attachment installed and wherein the at- 
tachment does not form part of the aerodynamic 
profile of the aircraft and is housed, when the land- 

25 ing gear is retracted, entirely within a landing gear 
bay of the aircraft. 

2. Apparatus as in claim 1 in which a said attachment 
comprises a deflector screen (15,17,76,93,94,111) 

30 adapted not to completely surround noise inducing 
components on the landing gear. 

3. Apparatus as in claim 1 or 2 in which the attachment 
comprises an axle attachment (15) positionable in 

35 front of an axle (3) for nose gear of the aircraft. 

4. Apparatus as in claim 3 in which the axle attach- 
ment is shaped to enclose a towbar fitting (24). 

40 5. Apparatus as in claim 3 or 4 in which the axle at- 
tachment includes generally cylindrical wheel ex- 
tensions (30,31) extending between a central por- 
tion (32) thereof and each wheel (33). 

45 6. Apparatus as in claim 1 or 2 in which the attachment 
comprises a steering mechanism attachment (17) 
for positioning in front of a steering mechanism for 
the landing gear. 

50 7. Apparatus as in claim 1 or 2 including an apertured 
strut attachment (16) positionable over a said aper- 
ture (40) in the strut (14) to deflect air away from 
edges (41 ,42) of the aperture. 

55 8. Apparatus as in claim 7 in which the attachment (1 6) 
is shaped to blend in airflow leaving the attachment 
with airflow passing over streamwise extending sur- 
faces (45,46) of the strut, when in use. 
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9. Apparatus as in claim 7 or 8 in which the attachment 
(1 6) is shaped to deflect air away from noise-induc- 
ing elements on the landing gear positioned to the 
rear of the said strut (14). 

10. Apparatus as in any preceding claim in which the 
attachment (15,17,76,93,94,111 ) is shaped to avoid 
regions of air stagnation thereover, when in use. 

11. Apparatus as in any preceding claim including an 
undertray attachment (76) shaped to extend in front 
of and underneath a bogie beam (71 ) of the landing 
gear. 

12. Apparatus as in claim 11 in which the undertray (76) 
includes a forward upwardly extending aerodynam- 
ic surface (82) blended smoothly into an undersur- 
face (83) extending underneath and along the bogie 
beam with a further laterally facing surface extend- 
ing longitudinally of the bogie beam on either side 
of the undertray (89,90) depending from lateral edg- 
es (87,88) of the undertray. 

13. Apparatus as in claim 11 or 12 in which the under- 
tray (76) is attachable to axles (72,73) on the land- 
ing gear bogie by means of band-type clamps 
(79,80) adapted to pass around the axle/bogie 
beam and through at least one part-annular cham- 
ber (99,100) formed in an extension piece fixed to 
the undertray. 

14. Apparatus as in any preceding claim including a pair 
of articulating fairing attachments (93,94) for attach- 
ment to a forward articulation link (67,68) of a bogie 
of the landing gear, one articulated fairing being 
mounted to each articulation link with an aerody- 
namically contoured interface (105) being defined 
between the fairings comprising a generally spher- 
ical element (106) on one fairing (94) co-operating 
with generally circular section (107) tubing of the 
other fairing (93). 

15. Apparatus as in claim 14 when dependent upon any 
one of claims 11 to 13 in which the undertray (76) 
and lower articulation link fairing (93) in use lie 
closely adjacent one another with the landing gear 
bogie (71) in its approach-to-landing configuration. 

16. Apparatus as in any preceding claim including a 
door attachment (111) attachable to a door (112) 
which is attached to the landing gear, the door ex- 
tending generally streamwise to one side of the 
landing gear, the door attachment (1 1 1 ) being posi- 
tionable to extend from the door in front of at least 
a main leg (64) of the landing gear. 

17. Apparatus as in claim 16 in which the door attach- 
ment (111) is adapted for sealing engagement with 
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the door (112). 

18. Aircraft landing gear including apparatus according 
to any preceding claim. 

5 

19. Aircraft landing gear as in claim 18 in which at least 
one said attachment is shaped and positioned such 
that airflow over the attachment (16) during flight 
leaves the attachment substantially in the free 

10 steam direction. 

20. Aircraft landing gear as in claim 18 or 19 in which 
at least one said attachment (111) is positioned to 
deflect incident air away from an air accelerating re- 
ts gion formed between two components (64,65) of 

the landing gear. 

21. Aircraft including landing gear according to any of 
claims 18 to 20. 

20 

Pate ntansp ruche 

1. Vorrichtung zur Verminderung des Flugzeuglarms 
25 mit wenigstens einem den Larm vermindernden 

Vorsatz (15, 17, 76, 93, 94, 111) fur das Fahrwerk 
des Flugzeugs, dadurch gekennzeichnet, dass 
dieser Vorsatz so gestaltet und am Fahrwerk derart 
positionierbarist, dass Luftvon den larminduzieren- 

30 den Bauteilen des Fahrwerk abgelenkt und eine 
Auslenkung und Schwenkbewegung sowie Ver- 
stauung des Fahrwerks mit dem installierten Vor- 
satz mbglich wird, wobei der Vorsatz keinen Teil des 
aerodynamischen Profils des Flugzeugs bildet und 

35 nach dem Einfahren des Fahrwerks vollstandig in 
den Fahrwerksschachtdes Flugzeugs zuruckgezo- 
gen ist. 

2. Vorrichtung nach Anspruch 1 , bei welcher der Vor- 
40 satz einen Ablenkschirm (15, 17, 76, 93, 94, 111) 

aufweist, der die larminduzierenden Bauteile des 
Fahrwerks nicht vollstandig umschliefM. 

3. Vorrichtung nach den Anspruchen 1 oder 2, bei wel- 
45 cher der Vorsatz einen Achsvorsatz (15) aufweist, 

der vor einer Achse (3) fur das Bugfahrwerk des 
Flugzeugs positionierbar ist. 

4. Vorrichtung nach Anspruch 3, bei welcher der Achs- 
50 vorsatz so gestaltet ist, dass er eine Zugstangen- 

ausrustung (24) umschlieftt. 

5. Vorrichtung nach den Anspruchen 3 oder 4, bei wel- 
cher der Achsvorsatz im wesentlichen zylindrische 

55 RadfortsStze (30, 31) aufweist, die sich zwischen 
einem zentralen Abschnitt (32) hiervon und jedem 
Rad (33) erstrecken. 
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6. Vorrichtung nach den Anspruchen 1 oder 2, bei wel- 
cher der Vorsatz einen Steuermechanismusvorsatz 
(17) aufweist, der vor einem Steuermechanismus 
fur das Fahrwerk positionierbar ist. 

7. Vorrichtung nach den Anspruchen 1 Oder 2, mit ei- 
nem Vorsatz (1 6) fOr eine mit Offnung versehene 
Strebe, welcher Vorsatz (16) tiber der Offnung (40) 
in der Strebe (14) positionierbar ist, urn Luft von den 
Randern (41 , 42) der Offnung abzulenken. 

8. Vorrichtung nach Anspruch 7, bei weicher der Vor- 
satz (16) so gestaltet ist, dass die Luftstromung die 
den Vorsatz verlaftt, in die Luftstromung ubergeht, 
die uber die sich stromlinienformig erstreckenden 
Oberflachen (45, 46) der Strebe im Betrieb abfliefit. 

9. Vorrichtung nach den Anspruchen 7 oder 8, bei wel- 
cher der Vorsatz (1 6) so gestaltet ist, dass er Luft 
von den larminduzierenden Elementen des Fahr- 
werks ablenkt, die hinter der Strebe (14) positioniert 
sind. 

10. Vorrichtung nach einem der vorhergehenden An- 
spruche, bei welcher der Vorsatz (15, 17, 76, 93, 
94, 111) so gestaltet ist, dass Bereiche stagnieren- 
der Luft darOber im Betrieb verhindert werden. 

11. Vorrichtung nach einem der vorhergehenden An- 
spruche, mit einem Unterschalenvorsatz (76), der 
sich vor und unter einem Drehgesteiltrager (71 ) des 
Fahrwerks erstreckt. 

12. Vorrichtung nach Anspruch 11 , bei welcher die Un- 
terschale (76) eine nach oben und vorn verlaufende 
aerodynamische Oberflache (82) aufweist, die glatt 
in eine Unterflache (83) ubergeht, welche sich unter 
dem Drehgesteiltrager und an diesem entlang er- 
streckt, wobei eine weitere seitlich weisende Ober- 
flache sich in Langsrichtung des DrehgestelltrSgers 
auf beiden Seiten der Unterschale (89, 90) er- 
streckt, und von den seitlichen Randern (87, 88) der 
Unterschale herabhangt. 

13. Vorrichtung nach den Anspruchen 11 oder 12, bei 
welcher die Unterschale (76) an den Achsen (72, 
73) des Drehgestells des Fahrwerks durch bandar- 
tige Klemmen (79, 80) festgelegt ist, die urn den 
Achs-/Drehgestelltrager herum und durch wenig- 
stens eine teilkreisformige Kammer (99, 100) hin- 
durchlaufen, die in einem Fortsatz ausgebildet ist, 
der an der Unterschale befestigt ist. 

14. Vorrichtung nach einem der vorhergehenden An- 
spruche, mit zwei gelenkigen Verkleidungsvorsat- 
zen (93, 94), die an einem vorderen Lenker (67, 68) 
eines Drehgestells des Fahrwerks angeordnetsind, 
wobei eine Gelenkverkleidung an jedem Lenker mit 
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einer aerodynamisch ausgebildeten Zwischenfla- 
che (105) montiert ist, die zwischen den Verkleidun- 
gen definiert ist, und ein allgemein spharisches Ele- 
ment (106) an einer Verkleidung (94) aufweist, die 
5 mit einem allgemein kreisformigen Rohrabschnitt 
(107) der anderen Verkleidung (93) zusammen- 
wirkt. 

15. Vorrichtung nach Anspruch 14, bei Abhangigkeit 
10 von einem der Anspruche 1 1 bis 1 3, bei welcher die 

Unterschale (76) und die untere Gelenkverkleidung 
(93) im Betrieb dicht benachbart zueinander liegen, 
wenn sich das Drehgestell (71) des Fahrwerks in 
der Landeanflugsstellung befindet. 

15 

16. Vorrichtung nach einem der vorhergehenden An- 
spruche, mit einem Turvorsatz (111), der an einer 
Tur (112) festlegbar ist, die am Fahrwerk befestigt 
ist, wobei sich die Tur allgemein in Strbmungsrich- 

20 tung auf einer Seite des Fahrwerks erstreckt, und 
der Turvorsatz (111) ist derart positionierbar, dass 
er sich von der Tur vor wenigstens dem Hauptbein 
(64) des Fahrwerks erstreckt. 

25 1 7. Vorrichtung nach Anspruch 1 6, bei welcher der Tur- 
vorsatz (111) in Dichtungseingriff mit der Tur (112) 
steht. 

18. Flugzeugfahrwerk mit einer Vorrichtung gemafi ei- 
30 nem der vorhergehenden Anspruche. 

19. Flugzeugfahrwerk nach Anspruch 18, bei welchem 
wenistens einer der Vorsatze so gestaltet und an- 
geordnet ist, dass die Luftstromung uber den Fort- 

35 satz (16) im Flug den Vorsatz im wesentlichen in- 
nerhalb der freien Stromungsrichtung verlafM. 

20. Flugzeugfahrwerk nach Anspruch 18 oder 19, bei 
welchem wenigstens einer der Vorsatze (111) so 

40 positioniert ist, dass die auftreffende Luft von einem 
Luftbeschleunigungsbereich abgelenkt wird, der 
zwischen zwei Bauteiien (64, 65) des Fahrwerks 
gebildet ist. 

45 21. Flugzeug mit einem Fahrwerk gemaft einem der 
Anspruche 18 bis 20. 



Revendications 

50 

1. Appareil reducteur de bruit pour aeronef compre- 
nant au moins un accessoire de reduction de bruit 
(15, 17, 76, 93, 94, 111) pour le train d'atterrissage 
de I'aeronef caracterise en ce qu'il est configure 
55 pour etre positionne sur le train d'atterrissage pour 
eloigner par deflexion de I'air de composants de- 
duction de bruit du train d'atterrissage et pour per- 
mettre la deflexion, le deplacement par articulation 
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et I'escamotage du train d'atterrissage, I'accessoire 
etant installe, et dans lequel I'accessoire ne forme 
pas une partie du profil aerodynamique de I'aeronef 
et est loge, lorsque le train d'atterrissage est retrac- 
te, entierement au sein d'une travee de train d'at- 
terrissage de I'aeronef. 

2. Appareil tel que dans la revendication 1 dans lequel 
un dit accessoire comporte un ecran deflecteur (15, 
17, 76, 93, 94, 111) adapte pour ne pas entourer 
completement des composants deduction de bruit 
sur le train d'atterrissage. 

3. Appareil tel que dans la revendication 1 ou la reven- 
dication 2 dans lequel I'accessoire comporte un ac- 
cessoire pour essieu (15) pouvant etre positionne 
devant un essieu (3) pour le train avant de I'aeronef. 

4. Appareil tel que dans la revendication 3 dans lequel 
I'accessoire pour essieu est configure pour contenir 
un raccord de barre de remorquage (24). 

5. Appareil tel que dans la revendication 3 ou la reven- 
dication 4 dans lequel I'accessoire pour essieu 
comprend des prolongements de roue generale- 
ment cylindriques (30, 31 ) s'etendant entre une por- 
tion centrale (32) de ceux-ci et chaque roue (33). 

6. Appareil tel que dans la revendication 1 ou la reven- 
dication 2 dans lequel I'accessoire comporte un ac- 
cessoire de mecanisme de direction (17) destin6 a 
etre positionne devant un mecanisme de direction 
pour le train d'atterrissage. 

7. Appareil tel que dans la revendication 1 ou la reven- 
dication 2 comprenant un accessoire de montant a 
orifice (16) pouvant etre positionne par-dessus un 
dit orifice (40) dans le montant (14) pour eloigner 
par deflexion de I'air des bords (41 , 42) de I'orifice. 

8. Appareil tel que dans la revendication 7 dans lequel 
I'accessoire (16) est configure pour melanger un 
flux d'air partant de I'accessoire avec un flux d'air 
passant par-dessus des surfaces s'etendant dans 
le sens de I'ecoulement (45, 46) du montant, lors- 
qu'il est utilise. 

9. Appareil tel que dans la revendication 7 ou la reven- 
dication 8 dans lequel I'accessoire (1 6) est configu- 
re pour eloigner par deflexion de I'air d'elements 
d'induction de bruit sur le train d'atterrissage posi- 
tionnes a I'arriere dudit montant (14). 

10. Appareil tel que dans n'importe quelle revendication 
precedente dans lequel I'accessoire (1 5, 1 7, 76, 93, 
94, 1 1 1 ) est configure pour eviter des zones de sta- 
gnation d'air par-dessus celui-ci, lorsqu'il est utilise. 
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1 1 . Appareil tel que dans n'importe quelle revendication 
precedente comprenant un accessoire formant 
sous plateau (76) configure pour s'etendre devant 
et sous un balancier de bogie (71) du train d'atter- 

5 rissage. 

12. Appareil tel que dans la revendication 11 dans le- 
quel le sous plateau (76) comprend une surface 

, avant aerodynamique s'etendant vers le haut (82) 
to fondue de facon lisse dans un intrados (83) s'eten- 
dant sous le balancier de bogie et le long de celui- 
ci, une surface supplemental orientee laterale- 
ment s'etendant longitudinalement au balancier de 
bogie d'un cote et de I'autre du sous plateau (89, 
15 90) dependant des bords lateraux (87, 88) du sous 
plateau. 

13. Appareil tel que dans la revendication 11 ou la re- 
vendication 1 2 dans lequel le sous plateau (76) peut 

20 etre attache aux essieux (72, 73) sur le bogie de 
train d'atterrissage au moyen de colliers de serrage 
de type a sangle (79, 80) adaptes pour passer 
autour de l'essieu/du balancier de bogie et a travers 
au moins une chambre en partie annulaire (99, 1 00) 

25 formee dans une piece de prolongement fixee sur 
le sous plateau. 

1 4. Appareil tel que dans n'importe quelle revendication 
precedente comprenant une paire d'accessoires de 

30 carenage articules (93, 94) destines a etre attaches 
a une liaison d'articulation avant (67, 68) d'un bogie 
du train d'atterrissage, un carenage articule etant 
monte sur chaque liaison d'articulation, une interfa- 
ce profilee de facon aerodynamique (105) etant de- 

35 finie entre les carenages, comportant un element 
generalement spherique (106) sur un carenage 
(94) cooperant avec une section generalement cir- 
culaire (107) de tubage de I'autre carenage (93). 

40 15. Appareil tel que dans la revendication 1 4 lorsqu'elle 
depend de n'importe laquelle des revendications 1 1 
a 1 3 dans lequel le sous plateau (76) et le carenage 
de liaison d'articulation inferieure (93) lors de ('utili- 
sation se trouvent etroitement adjacents Tun a 

45 I'autre, le bogie de train d'atterrissage (71) etant 
dans sa conformation d'approche a I'atterrissage. 

16. Appareil tel que dans n'importe quelle revendication 
precedente comprenant un accessoire pour trappe 

50 (111) pouvant etre attache a une trappe (112) qui 
est attache au train d'atterrissage, la trappe s'eten- 
dant generalement dans le sens de I'ecoulement 
sur un cote du train d'atterrissage, I'accessoire pour 
trappe (111) pouvant etre positionne pour s'etendre 

55 depuis la trappe devant au moins une jambe prin- 
cipal (64) du train d'atterrissage. 

17. Appareil tel que dans la revendication 16 dans le- 
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quel Paccessoire pour trappe (111 ) est adapte pour 
se mettre en prise de facon etanche avec la trappe 
(112). 

18. Train d'atterrissage d'aeronef comprenantun appa- 5 
reil selon n'importe quelle revendication preceden- 

te. 

19. Train d'atterrissage d'a6ronef tel que dans la reven- 
dication 1 8 dans lequel au moins un dit accessoire 10 
est configure et positionne de sorte que le flux d'air 
par-dessus I'accessoire (16) au cours du vol laisse 
I'accessoire substantiellement dans la direction de 
I'ecoulement libre. 

15 

20. Train d'atterrissage d'aeronef tel que dans la reven- 
dication 18 ou la revendication 19 dans lequel au 
moins un dit accessoire (111) est positionne pour 
eloigner par deflexion de Pair incident d'une zone 
deceleration d'air formee entre deux composants 20 
(64, 65) du train d'atterrissage. 

21 . Aeronef comprenant un train d'atterrissage selon 
n'importe lesquelles des revendications 18 a 20. 

25 
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Fig.1 




11 



EP 1 192 077 B1 




12 



EP 1 192 077 B1 



Fig.3. 
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